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Background: Cesarean sections are the most common surgical procedure for women in the United States. Of the
over 4 million births a year, one in three are now delivered in this manner and the risk adjusted prevalence rates
appear to vary by race and ethnicity. However, data from individual studies provides limited or contradictory
information on race and ethnicity as an independent predictor of delivery mode, precluding accurate
generalizations. This study sought to assess the extent to which primary, unscheduled cesarean deliveries and their
indications vary by race/ethnicity in one academic medical center.
Methods: A retrospective, cross-sectional cohort study was conducted of 4,483 nulliparous women with term,
singleton, and vertex presentation deliveries at a major academic medical center between 2006–2011. Cases with
medical conditions, risk factors, or pregnancy complications that can contribute to increased cesarean risk or
contraindicate vaginal birth were excluded. Multinomial logistic regression analysis was used to evaluate differences
in delivery mode and caesarean indications among racial and ethnic groups.
Results: The overall rate of cesarean delivery in our cohort was 16.7%. Compared to White women, Black and Asian
women had higher rates of cesarean delivery than spontaneous vaginal delivery, (adjusted odds ratio {AOR}: 1.43;
95% CI: 1.07, 1.91, and AOR: 1.49; 95% CI: 1.02, 2.17, respectively). Black women were also more likely, compared to
White women, to undergo cesarean for fetal distress and indications diagnosed in the first stage as compared to
the second stage of labor.
Conclusions: Racial and ethnic differences in delivery mode and indications for cesareans exist among low-risk
nulliparas at our institution. These differences may be best explained by examining the variation in clinical decisions
that indicate fetal distress and failure to progress at the hospital-level.
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Cesarean sections are the most common surgical proce-
dure for women in the United States. Of nearly four mil-
lion births a year, one in three are delivered in this
manner. The rate of cesarean delivery (CD) has increased
more than 50% from 20.7% in 1996 to 32.8% in 2011 [1,2],
without concurrent improvement in outcomes. Despite* Correspondence: joyce.edmonds@bc.edu
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reproduction in any medium, provided the orpublic health targets to reduce CD rates in low-risk
primiparous women to 23.9% [3], rates remain high in this
population [4] with evidence of racial and ethnic dispa-
rities. Some studies suggest a disproportionately higher
rate among certain minorities, even when controlling for
demographic, behavioral, medical, and institutional level
factors [4-9]. Hypotheses suggested to explain these diffe-
rences include variation in clinician decisions about labor
management, hospital level characteristics, maternal prefe-
rences and risk tolerance, and/or unknown differences in
labor patterns among subgroups of women [10-12].ral Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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cesarean rates is inconsistent among groups and between
studies, possibly reflecting study design diversity, variation
in the distributions of racial/ethnic groups’ prevalent in
different geographic areas, and unreliable race/ethnicity
measures. Furthermore, due to considerable intra-regional
variation, [10,13], national data on primary CDs may not
reflect local trends, substantiating the need to monitor
rates at the individual hospital level [14]. Therefore, this
study sought to assess the extent to which primary, un-
scheduled cesarean deliveries and their indications vary by
race/ethnicity at a single tertiary-care academic center
with a diverse urban and suburban population.
Methods
After approval by the University of Massachusetts
Medical School Institutional Review Board, we conduc-
ted a retrospective, cohort study using a subset of data
exported from the University of Massachusetts Memorial
Medical Center (UMMMC) Labor and Delivery elec-
tronic medical record (EMR) database. The database
contains intrapartum and birth information prospec-
tively collected by physicians and nurses for the clinical
record. All women who delivered at UMMMC over a
five-year period between April 1st, 2006 and March 31st,
2011 were considered for inclusion; thus data pertaining
to 20,649 deliveries was initially accessed for analysis.
Only nulliparous women who labored or attempted
labor at term (37–41 weeks), with singleton, and vertex
presentation deliveries were included. Cases with me-
dical conditions, risk factors, or pregnancy complications
that may contribute to increased cesarean risk or contra-
indicate vaginal birth were excluded; these included: ges-
tational and pregestational diabetes, intrauterine growth
restriction, vaginal bleeding, renal disease, HIV positive
status, cardiac disease, trauma, uterine abnormality,
lupus, chronic hypertension, pregnancy-induced hyper-
tension (gestational hypertension, preeclampsia and
eclampsia), placenta or vasa previa, previous myomec-
tomy, active herpes infection, history of substance abuse,
and absence of prenatal care [15,16]. Scheduled cesa-
reans and non-live births were excluded, as well as cases
with unspecified race/ethnicity or missing data on BMI.
Data from primary patient records were consulted in
cases where data discrepancies needed to be resolved or
data on CD indication was missing.
The result was a study dataset of 4,483 low-risk
nulliparous women with term, singleton, vertex presen-
tation births who experienced spontaneous labor or
underwent induction of labor, and were delivered by one
of three modes: spontaneous vaginal delivery (SVD), op-
erative vaginal delivery (OVD, including either forceps
or vacuum assisted deliveries) or unplanned cesarean de-
livery (CD). Mode of delivery was the primary outcomefor the analysis. The primary predictive variable was ma-
ternal race/ethnicity. This variable was based on self-
reported versus attributed race/ethnicity information
obtained from the patient record and grouped into four
mutually exclusive categories: non-Hispanic Asian,
non-Hispanic Black, Hispanic, or non-Hispanic White
(henceforth referred to as Asian, Black, Hispanic, and
White). More detailed race and ethnicity data were not
available in the EMR.
Consideration was given to the following potential
confounding variables, identified a priori: maternal age,
body mass index (BMI), neonate size, and primary lan-
guage. Maternal age was classified into the following
groups: ≤19, 20- ≤ 24, 25- ≤ 29, 30- ≤ 34, and ≥ 35.
Maternal BMI (kg/m2) was calculated based on self-
report prepregnancy weight and height and grouped as
follows: <18.5 (underweight), 18.5- ≤ 24.9 (normal weight),
25 - < 29.9 (overweight), and ≥ 30 (obese). The gestational
age and birth weight of neonates were used to group
infants into three classifications of size: small for gesta-
tional age (SGA), appropriate for gestational age (AGA),
and large for gestational age (LGA). Neonates were con-
sidered to be SGA and LGA respectively if birth
weights were <10th [17] and ≥90th [18] percentiles of
1999–2000 U.S. national reference data [19] for singletons,
accounting for gestational age and gender [20]. Gesta-
tional age at delivery was based on best dates for
estimated date of delivery as per clinician evaluation and
as recorded in the EMR. The following primary lan-
guages: English, Spanish, Vietnamese, Portuguese,
Laotian and ‘other’, were grouped as English or non-
English speaking, respectively. For the purposes of our
analyses, cases were grouped into one of three indication
categories, all of which were designated during the
intrapartum period: first stage (failed induction, prolonged
latent phase, secondary arrest of dilation, prolonged
active phase); second stage (arrest of descent, failure
of descent, protracted descent, failed vacuum); and
fetal distress (non-reassuring fetal heart tracing/
intrapartum fetal distress, cord prolapse, placental
abruption). If a woman had more than one indication
for CD, only the primary indication, designated by the
delivering physician, was retained for analyses. The
delivering physician was either a resident, attending, or
community-based provider.
Descriptive statistics were calculated for all study vari-
ables. Bivariate analyses using chi-squared test (X2) of in-
dependence and Fisher’s exact tests were conducted to
identify variables associated with delivery mode. Vari-
ables whose unadjusted relationship with delivery mode
was significant, at p < 0.5, were retained in the multivari-
ate model. Multinomial logistic regression, using a step-
wise approach, was then performed with the entire
cohort for mode of delivery, with spontaneous vaginal
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lowing independent variables were considered catego-
rical in the model: race/ethnicity, maternal age, neonate
size, and BMI. The reference racial/ethnic group was
White (the majority group); the reference maternal age
group was 25 - ≤ 29 years; the reference infant size was
AGA; and the reference BMI category was the normal
(BMI 18.5- ≤ 24.9) group. A second multinomial logistic
regression was performed for CD indication, among
cesarean deliveries only, with second stage indications
acting as the reference category. The independent vari-
able in this model was race/ethnicity, with White
women, and AGA infant size acting as the reference
groups. In a post-hoc analysis conducted to maximize
statistical efficiency by ensuring adequate cell counts in
clinically meaningful categories, first and second stage
indications were combined and compared with fetal dis-
tress. First and second stage indications together essen-
tially represent a clinical category of “failure to progress”
or labor dystocia. The Wald (X2) statistic, adjusted odds
ratio (AOR), and 95% confidence interval (CI) for the
AOR were determined for both models. SAS [21] and
SPSS [22] statistical analysis software were used for
data management and statistical analyses.Table 1 Patient characteristics by race and ethnicity
Characteristic Total White
(n = 4,483) (n = 3,168)
n/(%) n/(%)
Maternal age (yr)
0-≤ 19 43 (12.5) 345 (10.9)
20-≤ 24 112 (32.6) 688 (21.7)
25-≤ 29 124 (36.0) 987 (31.2)
30-≤ 34 48 (14.0) 803 (25.3)
≥35 17 (4.9) 345 (10.9)
Body mass index
Underweight 199 (4.4) 118 (3.7)
Normal weight 2,547(56.8) 1,790 (56.5)
Overweight 1,043 (23.3) 754 (23.8)
Obese 694 (15.5) 506 (16.0)
Neonate size
SGA 410 (9.1) 238 (7.5)
AGA 3,766 (84.0) 2,674 (84.4)
LGA 307 (6.8) 256 (8.1)
Delivery mode
SVD 3,322 (74.1) 2,333 (73.6)
OVD 411 (9.2) 300 (9.5)
ICD 750 (16.7) 535 (16.9)
SGA small for gestational age, AGA appropriate for gestation age, LGA large for gest
SVD spontaneous vaginal delivery, OVD operative vaginal delivery, ICD intrapartumResults
In the five-year study period there were 20,649 deliveries
of which 4,483 (21.7%) met criteria for inclusion. In-
cluded women had singleton, vertex presentation, full-
term deliveries and were without medical conditions,
pregnancy complications or pre-labor CD indications
as previously outlined. Subjects were thus considered
‘low-risk’ for CD. There were no significant differences
between the overall population and the study cohort
with regard to maternal age, race/ethnicity, BMI, and
birth weight. Table 1 presents descriptive data pertaining
to all study variables stratified by race and ethnicity. Ma-
ternal age ranged from 14–47 years (mean, 26.2 ± 5.9)
and the mean BMI was 25 kg/m2 ± 5.5. The racial/ethnic
composition of the sample was 70.7% White, 17.1% His-
panic, 7.7% Black, and 4.6% Asian. Overall, 74.1% had a
SVD, 16.7% had a CD and 9.2% had an OVD. The indica-
tion category for CD was highest for fetal distress
(40.4%), followed by indications assigned during the
second stage of labor (34.4%), and then by indications
assigned during the first stage of labor (25.2%). Non-
reassuring fetal heart tracings or intrapartum fetal dis-
tress constituted 98.3% of the fetal distress indication
category. Arrest of dilation and prolonged labor madeBlack Asian Hispanic
(n = 344) (n = 204) (n = 767)
n/(%) n/(%) n/(%)
43 (12.5) 7 (3.4) 311 (40.5)
112 (32.6) 29 (14.2) 285 (37.2)
124 (36.0) 72 (35.3) 108 (14.1)
48 (14.0) 72 (35.3) 47 (6.1)
17 (4.9) 24 (11.8) 16 (2.1)
10 (2.9) 24 (11.8) 47 (6.1)
184 (53.5) 152 (74.5) 421 (54.9)
92 (26.7) 18 (8.8) 179 (23.3)
58 (16.9) 10 (4.9) 120 (15.6)
34 (9.9) 39 (19.1) 99 (12.9)
296 (86.0) 159 (77.9) 637 (83.1)
14 (4.1) 6 (2.9) 31 (4.0)
251 (73.0) 136 (66.7) 602 (78.5)
23 (6.7) 28 (13.7) 60 (7.8)
70 (20.3) 40 (19.6) 105 (13.7)
ational age.
cesarean delivery.
Figure 1 Cesarean delivery indications by race and ethnicity.
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to descend, arrest of descent, and protracted descent
represented 78.4% of the second stage indication ca-
tegory. An unadjusted analysis of CD indications by
race and ethnicity (Figure 1), revealed that among
Black women, 61% of CD were for fetal distress, com-
pared with a rate of 37 to 43 percent for White,
Asian, and Hispanic women (p < 0.01). There were sig-
nificant effects of maternal age, BMI, and neonate size
on mode of delivery. As expected, compared with
women who had a SVD, older women (≥ 35 years of
age), overweight and obese women, and women who
delivered LGA neonates were more likely to have a
CD. There were no significant differences in mode of
delivery by English and non-English speaking women.Table 2 Multinomial logistic regression results for mode of de
Characteristic SVD ICD
n (%) n (%)
Race/ethnicity
White 2333 (73.6) 535 (16.9)
Black 251 (73.0) 70 (20.3)
Asian 136 (66.7) 40 (19.6)
Hispanic 602 (78.5) 105 (13.7)
SVD is reference group.
Row percent displayed.
Model adjusted for maternal age, BMI, and neonate size.
SVD spontaneous vaginal delivery, ICD intrapartum cesarean delivery, OVD operativ
Bold values reflect p < 0.05.Table 2 shows the results of the multinomial logistic
regression model for mode of delivery. The outcome
suggests that compared with White women, Black
women had higher rates of primary CD compared to
SVD, after controlling for significant confounding vari-
ables, (AOR 1.43; 95% CI: 1.07, 1.91, p < 0.01). Asian
women also had higher rates of primary CD compared
to SVD, (AOR 1.49; 95% CI: 1.02, 2.17, p < 0.04). There
were no statistically significant differences in delivery
mode between White women and Hispanic women or
between OVD and SVD among all women, despite a
trend suggesting higher OVD among Asian women.
Table 3 shows the results of the multinomial logistic
regression model for CD indications. Compared to
White women, Black women were significantly more
likely to undergo CD for fetal distress (AOR: 5.28;
95% CI: 2.36, 11.81). They were also more likely to
undergo CD for indications diagnosed in the first stage of
labor (AOR: 3.59; 95% CI: 1.50, 8.63), as compared to
indications diagnosed in the second stage of labor, after
controlling for neonate size. Table 4 summarizes the re-
sults of the post-hoc binary regression, which shows that
compared to White women, Black women were more
likely to undergo fetal distress (AOR: 2.60, 95% CI: 1.52,
4.45), as compared to all other indications. There were
no further significant differences in indication categories
by race/ethnicity in the multinomial or binary regression
for CD indications.Discussion
The study offers current data that demonstrates that ra-
cial and ethnic differences in mode of delivery and CD
indications exist in a sub-population of low-risk women
with access to labor and delivery services in the same
healthcare system. We observed a higher rate of primary,
unscheduled, intrapartum CD among Black and Asian
women relative to their White counterparts, after con-
trolling for demographic and medical risk factors. We
also observed that Black women were more likely tolivery
OVD
AOR (95% CI) n (%) AOR (95% CI)
Reference 300 (9.5) Reference
1.43 (1.07-1.91) 23 (6.7) 0.80 (0.51-1.23)
1.49 (1.02-2.17) 28 (13.7) 1.40 (0.91-2.15)
1.14 (0.89-1.47) 60 (7.8) 1.03 (0.75-1.42)
e vaginal delivery.
Table 3 Summary of multinomial logistic regression analysis for race and ethnicity associated with cesarean indication
categories (n = 750)
Characteristic Second stage First stage Fetal distress
n (%) n (%) AOR (95% CI) n (%) AOR (95% CI)
Total/n (%) 258 (34.4) 190 (25.2) 302 (40.4)
Race/ethnicity
White 204 (38.1) 134 (24.8) Reference 197 (37.0) Reference
Black 8 (11.4) 19 (27.1) 3.59 (1.50, 8.63) 43 (61.4) 5.28 (2.36,11.81)
Asian 11(27.5) 12 (30.0) 2.35 (0.96, 5.76) 17 (42.5) 1.28 (0.54, 3.05)
Hispanic 35 (33.3) 25 (23.8) 0.91 (0.49, 1.69) 45 (42.9) 0.79 (0.45, 1.39)
Second Stage is reference group.
Row percent displayed.
Model adjusted for maternal age, BMI, and neonate size,
Bold values reflect p < 0.05.
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compared to White women.
Our finding of higher risk of CD for fetal distress
among Black women is consistent with those of two
studies from California [4,23]. Getahun, et al.’s study,
based on data from Kaiser Permanente Southern California
over 17 years, found Black women had higher rates of
more subjective indications such as fetal distress and
‘other indications’, compared with White, Hispanic, and
Asian/Pacific Islander women. However, the study
lacked data on BMI and the results were not stratified
by parity. A similar study by Washington and colleagues,
based on data from University of California San Francisco
between 1990 and 2008, also found higher rates of
non-reassuring fetal heart tracing among term, pri-
miparous Black women compared to their White coun-
terparts, adjusted for BMI among other potentially
confounding variables.
Additional comparisons with previous studies are im-
precise. Exact definitions of race and ethnicity and ‘low-
risk’ births are not universally accepted nor consistently
applied in this field. Accordingly, different categories of
race and ethnicity are used and there is lack of consen-
sus on the method for risk-adjustment. Furthermore, the
diverse distributions of racial and ethnic sub-groups
prevalent within different institutional catchment areas
complicate the comparison of studies. Bryant and col-
leagues suggests that the strength of the existing evidence
for racial/ethnic disparities in primary CD supports socio-Table 4 Summary of binary logistic regression analysis
for race and ethnicity associated with cesarean
indications, odds of fetal distress vs. failure to progress
Race/ethnicity B SE Wald AOR (95% CI)
Black vs. White .931 .267 12.14 2.60 (1.52, 4.45)
Asian vs. White -.204 .364 .313 0.89 (0.43, 1.85)
Hispanic vs. White 0.92 .226 .164 0.83 (0.51, 1.36)
Model adjusted for maternal age, BMI, and neonate size.
Bold values reflect p < 0.05.cultural circumstances and shortfalls in medical care [24],
particularly among primary, intrapartum CDs as they are
more consistently impacted by provider dependent labor
management decisions. The known subjectivity in the
assessment of fetal distress using electronic fetal monito-
ring [25]; supports the potential of variation in decision
making that results in lower thresholds for diagnosing
fetal distress and recommending a cesarean among certain
racial/ethnic groups. Thus, further examination into
clinician decision-making about CD indications together
with women’s influence and involvement in these deci-
sions may help explain the observed differences. Exa-
mination of variations in fetal tolerance for labor and
the timing of CD in relation to labor progress may also
be warranted.
What is novel about this study is that the data pertains
to a considerably low-risk population of nulliparous
women who were candidates for vaginal delivery and yet
who underwent unscheduled, intrapartum primary
cesarean sections. Second, multinomial logistic regres-
sion analysis, that employed three modes of delivery as
the primary outcome, distinguished the potential influ-
ence of race/ethnicity on operative and spontaneous va-
ginal deliveries. The strengths of our study include a
large sample of relatively diverse women derived from a
clinical database. Use of a clinical database allowed the
isolation of a representative sample of women at low-
risk for CS through use of restrictive clinical criteria,
aiding in the evaluation of the influence of the non-
clinical factor race/ethnicity. Prospectively collected
medical record data with physician-documented indica-
tions for labor was used, as opposed to birth certificate
data, which is known to be non-specific and contain nu-
merous inaccuracies [26-28].
Yet, several limitations deserve consideration. First,
the data was collected from a single academic medical
center in Massachusetts, and thus may not be genera-
lizable to populations with different demographic, re-
gional characteristics, and clinical practice patterns.
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Human Services Action Plan to Reduce Racial and
Ethnic Disparities [29], there is a demand for local data
that is reflective of the unique population makeup of an
institution’s catchment area. Accordingly, our findings
may be community-specific, particularly given the large
foreign-born West African immigrant population in our
region. Results from a study of all births from 1998 to
2006 in Massachusetts indicate that the primary CD
rates are almost twice as high for Black non-Hispanic
mothers than for White non-Hispanic mothers, deter-
mined almost entirely by the foreign born cohort of
Black non-Hispanic mothers [30]. Future studies should
consider nativity and more detailed data on ethnicity.
Second, unmeasured confounding bias may contribute
to the observed differences. Most notably our data
source lacked indicators of socioeconomic status (SES)
such as education and income level, factors known to
impact health outcomes. Yet, access to care is one of the
most common pathways by which low SES is thought to
act on health care utilization and the data used in this
study was obtained from medical records of UMass
Memorial Health Care patients, all of who were presumed
to have equivalent access to this facility; therefore lack of
access to delivery services is not a likely determinant in
our study. Results of studies that have included indica-
tors of SES, have demonstrated that SES does not ex-
plain away the differences of race and ethnicity on mode
of delivery [5,6,31,32]. Nonetheless, the study had limited
ability to determine how SES might have played a
role in the observed differences. Noteworthy, patients
were a mix of public and private pay.
Third, women were included in the study if they experi-
enced spontaneous labor or underwent induction of labor.
Studies have shown that induction of labor increases the
risk of caesarean delivery [33,34]. However, in controlling
for maternal age [35] and BMI [36], we reduced the likeli-
hood of a confounding effect as these variables are
associated with induction of labor. Further, a recent study
found that significant associations between CD and race
persisted after adjustment for induction in nulliparous
women at term [37]. Therefore, we believe that our
associations would remain. Finally, a minor limitation is
the use of self-reported pre-pregnancy weight, which is
reported to be underestimated compared to weight
measured at the first prenatal visit [38].
Conclusions
Racial and ethnic differences in delivery mode and indi-
cations for cesareans exist at our institution among a
low-risk population of women. Future studies are needed
to explain the increased risk among Black and Asian
women and the apparent variation in clinical decisions
that indicate fetal distress and failure to progress amongBlack women. The National Quality Forum’s Perinatal
Care guidelines [39], for assessing the number of low-risk
first birth women delivered by cesareans, does not require
stratification by race and ethnicity, despite acknowledge-
ment of racial disparities. Yet, hospitals looking to improve
consistency and equality may want to analyze their rates,
by locally prevalent race and ethnicity patient populations.
Variability in hospital rates of cesareans is of public
health significance, and hospital specific data that captures
the unique racial/ethnic distribution of a population may
help better explain the variation in low-risk cesarean rates
and promote standard application of clinical guidelines
for intrapartum care.
Abbreviations
CD: Cesarean delivery; ICD: Intrapartum caesarean delivery; EMR: Electronic
medical record; SVD: Spontaneous vaginal delivery; OVD: Operative vaginal
delivery; BMI: Body mass index; SGA: Small for gestational age; AGA: Appropriate
for gestational age; LGA: Large for gestational age; SES: Socioeconomic status.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
JKE conceived of the study, participated in its design, and drafted the
manuscript. RY assisted with data collection, performed chart reviews, and
helped with revision of the manuscript. XL performed the statistical analysis.
TMS participated in the design and coordination of the study and helped with
revision of the manuscript. All authors read and approved the final manuscript.
Authors’ information
JKE is Assistant Professor at William F. Connell School of Nursing, Boston
College. RY is a Resident Physician in the Department of Obstetrics and
Gynecology, University of Massachusetts Medical School/UMass Memorial
Medical Center. XL is a Statistical Analyst in the Department of Obstetrics &
Gynecology, University of Massachusetts Medical School. TAMS is Associate
Professor of Obstetrics and Gynecology and Pediatrics and OB/GYN Research
Division Director in the Department of Obstetrics and Gynecology, University
of Massachusetts Medical School/UMass Memorial Medical Center.
Acknowledgements
The authors have no acknowledgements.
Author details
1William F. Connell School of Nursing, Boston College, 140 Commonwealth
Ave, 02467, Chestnut Hill, MA, USA. 2Department of Obstetrics and
Gynecology, University of Massachusetts Medical School/UMass Memorial
Medical Center, 119 Belmont Street, 01605, Worcester, MA, USA.
Received: 16 April 2013 Accepted: 28 August 2013
Published: 3 September 2013
References
1. Menacker F, Hamilton B: Recent trends in cesarean delivery in the United
States. In Recent trends in cesarean delivery in the United States NCHS data
brief, no 35. Hyatttsville, MD: National Center for Health Statistics; 2010.
2. Hamilton B, Martin J, Ventura S: Births: preliminary data for 2011. National
vital statistics reports. In., vol. 61. National Center for Health Statistics.:
Hyattsville, MD; 2012.
3. Healthy People 2020: Improving the health of Americans. http://www.
healthypeople.gov/2020/topicsobjectives2020/objectiveslist.aspx?topicid=26.
4. Getahun D, Strickland D, Lawrence JM, Fassett MJ, Koebnick C, Jacobsen SJ:
Racial and ethnic disparities in the trends in primary cesarean
delivery based on indications. Am J Obstet Gynecol 2009,
201(4):421–427.
Edmonds et al. BMC Pregnancy and Childbirth 2013, 13:168 Page 7 of 7
http://www.biomedcentral.com/1471-2393/13/1685. Coonrod DV, Drachman D, Hobson P, Manriquez M: Nulliparous term
singleton vertex cesarean delivery rates: institutional and individual level
predictors. Am J Obstet Gynecol 2008, 198(6):694.
6. Lipkind HS, Duzyj C, Rosenberg TJ, Funai EF, Chavkin W, Chiasson MA:
Disparities in Cesarean Delivery Rates and Associated Adverse Neonatal
Outcomes in New York City Hospitals. Obstet Gynecol 2009,
113(6):1239–1247.
7. Aron DC, Gordon HS, DiGiuseppe DL, Harper DL, Rosenthal GE: Variations in
risk-adjusted cesarean delivery rates according to race and health
insurance. Med Care 2000, 38(1):35–44.
8. Ford J, Grewal J, Mikolajczyk R, Meikle S, Zhang J: Primary cesarean
delivery among parous women in the United States, 1990–2003.
Obstet Gynecol 2008, 112(6):1235–1241.
9. Scott-Wright AO, Flanagan TM, Wrona RM: Predictors of cesarean section
delivery among college-educated black and white women, Davidson
County, Tennessee, 1990–1994. J Natl Med Assoc 1999, 91(5):273–277.
10. Clark SL, Belfort MA, Hankins GDV, Meyers JA, Houser FM: Variation in the
rates of operative delivery in the United States. Am J Obstet Gynecol 2007,
196(6):526. e521-526.e525.
11. Declercq E, Menacker F, MacDorman M: Rise in "no indicated risk" primary
caesareans in the United States, 1991–2001: cross sectional analysis.
Br Med J 2005, 330(7482):71–72.
12. Declercq E, Menacker F, MacDorman M: Maternal risk profiles and the
primary cesarean rate in the United States, 1991–2002. Am J Public Health
2006, 96(5):867–872.
13. Baicker K, Buckles KS, Chandra A: Geographic variation in the appropriate
use of cesarean delivery. Health Affairs 2006, 25(5):w355–w367.
14. Gregory KD: Monitoring, risk adjustment and strategies to decrease
cesarean rates. Curr Opin Obstet Gynecol 2000, 12(6):481–486.
15. Bailit J, Garrett J: Comparison of risk-adjustment methodologies for
cesarean delivery rates. Obstet Gynecol 2003, 102(1):45–51.
16. Bailit JL: Measuring the quality of inpatient obstetrical care.
Obstet Gynecol Surv 2007, 62(3):207–213. 210.1097/1001.
ogx.0000256800.0000221193.ce.
17. American College of Obstetricians and Gynecologists: ACOG practice bulletin
no. 12 intrauterine growth restriction. Washington, DC: ACOG; 2000.
18. American College of Obstetricians and Gynecologists: ACOG practice bulletin,
no. 22. Fetal macrosomia. Washington, DC: ACOG; 2000.
19. Oken E, Kleinman K, Rich-Edwards J, Gillman M: A nearly continuous
measure of birth weight for gestational age using a United States
national reference. BMC Pediatr 2003, 3(1):6.
20. Margerison Zilko CE, Rehkopf D, Abrams B: Association of maternal
gestational weight gain with short- and long-term maternal and child
health outcomes. Am J Obstet Gynecol 2010, 202(6):571–574.
21. SAS Institute Inc: SAS Version 9.2. Cary, NC: SAS Institute Inc; 2008.
22. IBM Corp: IBM SPSS statistics of MAC. 200th edition. Armonk, NY: IBN
Corporation; 2012.
23. Washington S, Caughey A, Cheng Y, Bryant A: Racial and ethnic
differences in indications for primary cesarean delivery at term:
experience of one institution. Birth 2012, 39(2):128–134.
24. Bryant AS, Worjoloh A, Caughey AB, Washington AE: Racial/ethnic
disparities in obstetric outcomes and care: prevalence and determinants.
Am J Obstet Gynecol 2010, 202(4):335–343.
25. Constantine M, Saade G: The first cesarean: role of "fetal distress"
diagnosis. Semin Perinatol 2012, 36:379–383.
26. Dobie S, Baldwin L, Rosenblatt R, Fordyce M, Andrilla H, Hart L: How well
do birth certificates describe the pregnancies they report? the
Washington state experience with low-risk pregnancies. Matern Child
Health J 1998, 2(3):145–154.
27. DiGiuseppe DL, Aron DC, Ranbom L, Harper DL, Rosenthal GE: Reliability of
birth certificate data: a multi-hospital comparison to medical records
information. Matern Child Health J 2002, 6(3):169–179.
28. Declercq E, Barger M, Cabral HJ, Evans SR, Kotelchuck M, Simon C, Weiss J,
Heffner L: Maternal outcomes associated with planned primary cesarean
births compared with planned vaginal births. Obstet Gynecol 2007,
109(3):669–677.
29. Koh HK, Graham G, Giled SA: Reducing racial and ethnic disparities: the
action plan from the department of health and human services.
Health Affairs 2011, 30(10):1822–1829.
30. Decleraq E: The causes and consequences of disparities by race/ethnicty
in cesarean section rates. Final Report 2010, 40:08720.31. Chung JH, Garite TJ, Kirk AM, Hollard AL, Wing DA, Lagrew DC: Intrinsic
racial differences in the risk of cesarean delivery are not explained by
differences in caregivers or hospital site of delivery. Am J Obstet Gynecol
2006, 194(5):1323–1328.
32. Kabir AA, Pridjian G, Steinmann WC, Herrera EA, Khan MM: Racial
differences in cesareans: an analysis of U.S.: national inpatient sample
data. Obstetrics & Gynecology 2005 2001, 105(4):710–718.
33. Grivell R, Reilly A, Oakey H, Chan A, Dodd J: Maternal and neontal
outcomes following induction of labor: a cohort study. Acta Obstet
Gynecol Scand 2012, 91:198–203.
34. Laughon S, Zhang J, Grewal J, Sundaram R, Beaver J, Reddy U: Induction of
labor in a contemporary obstetric cohort. Am J Obstet Gynecol 2012,
206(6):481–486.
35. JS B, Campbell DM, Graham WJ, Penney GC, Ryan M, MH H: Can obstetric
complications explain the high levels of obstetric interventions and
maternity service use among older women? a retrospective analysis of
routinely collected data. BJOG 2001, 108(9):910–918.
36. Yogev Y, Hiersch L, Yariv O, Peled Y, Wiznitzer A, Melamed N: Association
and risk factors between induction of labor and cesarean section.
J Mater-Fetal Neonatal Med 2013, 0:1–19.
37. Ethrenthal D, Jiang X, Strobino DM: Labor induction and the risk of a
cesarean delivery among nulliparous women at term. Obstet Gynecol
2010, 116(1):35–42.
38. Holland E, Moore Simas T, Doyle Curiale D, Liao X, Waring M: Self-reported
pre-pregnancy versus weight measured at first prenatal visit: effects on
categorization of pre-pregnancy body mass index. Matern Child Health J
2012, 18.
39. National Quality Forum: Perinatal and reproductive health endorsement
maintenance: technical report. Washington, DC: National Quality Forum; 2012.
doi:10.1186/1471-2393-13-168
Cite this article as: Edmonds et al.: Racial and ethnic differences in
primary, unscheduled cesarean deliveries among low-risk primiparous
women at an academic medical center: a retrospective cohort study.
BMC Pregnancy and Childbirth 2013 13:168.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
